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(54) Image reading apparatus and image forming apparatus

(57) An image reading apparatus includes: an open-
ing/closing portion (2) configured to be rotatable around
a hinge shaft; a biasing portion configured to apply aforce
to the opening/closing portion (2) such that moment of
the hinge shaft rotation higher than moment of the hinge
shaft rotation according to self-weight of the opening/
closing portion (2) is generated in a state in which the
opening/closing portion (2) is placed in a range up to a
predetermined rotation angle from a closed position with
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Description

[0001] The presentinvention relates to an image read-
ing apparatus and an image forming apparatus including
a hinge device that supports an opening/closing member
such as an automatic document feeding device, which
automatically sends an original to an image reading por-
tion, to be opened or closed with respect to the apparatus
main body of the image reading apparatus or the image
forming apparatus.

Description of the Related Art

[0002] Conventionally, in a copying machine in which
an automatic document feeding device is mounted, in a
case where an original is copied, the automatic document
feeding device disposed to be freely opened or closed
with respect to transparent glass (hereinafter, referred to
as an original base plate glass) disposed on the upper
face of the apparatus main body is used in a closed state.
Accordingly, the automatic document feeding device se-
quentially conveys originals to the original base plate
glass in which an image reading portion is placed one at
a time, and the originals can be automatically read one
by one. In addition, instead of using the automatic doc-
ument feeding device, by opening the automatic docu-
ment feeding device to the apparatus main body, an orig-
inal may be directly placed on the original base plate
glass so as to be read.

[0003] In the automatic document feeding device, in
order to automatically convey an original, many compo-
nents such as various rollers and motors are built. Ac-
cordingly, the weight of the automatic document feeding
device is several kilograms to several tens of kilograms,
and an opening or closing operation cannot be easily
performed as it is. Thus, generally, an opening/closing
mechanism called a hinge device used for decreasing
an operation force is included.

[0004] The hinge device has a spring built therein and
applies a force in a direction opening the automatic doc-
ument feeding device, in other words, a direction cancel-
ling the weight (hereinafter, referred to as a "self-weight")
of the automatic document feeding device. Accordingly,
the balance between the spring and the self-weight is set
such that the automatic document feeding device can be
lifted with a weak force at the time of opening and can
be quietly closed at the time of closing.

[0005] In addition, there is an automatic document
feeding device that includes a shock absorber that is an
impact mitigating portion such as an oil damper in the
hinge device. Since the oil damper generates a resist-
ance force against the direction in which the automatic
document feeding device is closed, there is an advantage
of decreasing the closing speed of the automatic docu-
ment feeding device so as to reduce a shock or a sound
generated in accordance with the collision thereof with
the apparatus main body. Accordingly, not only the orig-
inal base plate glass, a driving portion of the automatic

10

15

20

25

30

35

40

45

50

55

document feeding device, and the like are protected, but
also oscillation delivered to the image forming apparatus
is reduced, whereby disturbances in animage at the time
of forming the image can be prevented.

[0006] In addition, as disclosed in Japanese Patent
Laid-Open No. 3-184059, in order to easily replace an
original on the original base plate glass, even when the
hand is separated from the open automatic document
feeding device, the automatic document feeding device
is set to stay at the position (hereinafter, this state will be
referred to as free stop). Furthermore, in order to maintain
a state in which the automatic document feeding device
securely lands on the original base plate glass, balance
between the spring and the self-weightis set. FIGS. 17A
and 17B illustrate a conventional example. FIG. 17A is
asimplified view that illustrates each opening/closing an-
gle state, and FIG. 17B is a diagram that represents the
"magnitude relation between the spring and the self-
weight" ateach opening/closing angle convertedinto mo-
ment.

[0007] For example, a state in which the ADF (auto-
matic document feeding device) is closed with respect
to the original base plate glass disposed on the reader
(image reading apparatus) side is represented as 0 de-
grees, and a vertical state is represented as 90 degrees.
At this time, in a case where the opening/closing angle
is in the range of 15 degrees to 70 degrees, a state is
formed in which the spring and the self-weight are bal-
anced, and thus, when the automatic document feeding
device is in the free stop state, and the hand is separated
therefrom, the automatic document feeding device does
not fall in accordance with the self-weight. In addition,
when the automatic document feeding device is opened
up to 90 degrees, a case where a handle (a knob at the
time of opening or closing) is not reached by the hand at
the time of closing, a case where an impact is applied to
the hinge device, or the like may be caused. Thus, actu-
ally, the opening angle of the automatic document feed-
ing device is configured to be limited up to 70 degrees.
[0008] Furthermore, in a case where the opening/clos-
ing angle is in the range of 0 degrees to 15 degrees, a
state is configured to be formed in which the spring < the
self-weight, so that the automatic document feeding de-
vice falls in accordance with the self-weight. Accordingly,
the automatic document feeding device is configured not
to be stopped in the state in which the automatic docu-
ment feeding device is about half open with respect to
the original base plate glass. By configuring the spring
force of the hinge device to be sufficiently weaker than
the self-weight of the automatic document feeding de-
vice, the automatic document feeding device securely
lands on the original base plate glass.

[0009] When the automatic document feeding device
does not securely land on the original base plate glass
but is in a half-open state, the pressing force for the orig-
inal placed on the original base plate glass is lowered,
and accordingly, a defective image is generated, or a
paper jam occurs when the automatic document feeding
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device is used. Accordingly, generally, the self-weight is
set to be stronger than the spring force by about 2 to 3
Kgf as a whole at the position of the handle of the auto-
matic document feeding device, and the state in which
the automatic document feeding device is approximately
half-open is avoided.

[0010] However, in the configuration disclosed in Jap-
anese Patent Laid-Open No. 3-184059 or illustrated in
FIGS. 17A and 17B, the state of closing the original base
plate glass is assured by setting the self-weight of the
automatic document feeding device to be larger than the
spring force, and accordingly, a force of about 2 to 3 Kgf
is necessary for opening the automatic document feeding
device. Thus, there is a limit on the decrease in the open-
ing/closing force.

[0011] Itis desirable to improve the user’s operability.
[0012] The present invention in its first aspect provide
an image reading apparatus as specified in claims 1 to 8.
[0013] The presentinvention in its second aspect pro-
vides animage forming apparatus as specified in claim 9.
[0014] The present invention in its third aspect pro-
vides an image reading apparatus as specified in claims
10 to 19.

[0015] Furtherfeatures of the presentinvention will be-
come apparent from the following description of illustra-
tive embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is an external view of an image forming ap-
paratus.

FIG. 2 is a schematic cross-sectional view of an im-
age reading apparatus.

FIG. 3 is a block diagram of the circuit configuration
and an image signal controller of the image reading
apparatus.

FIG. 4 is a control block diagram of an image
processing portion.

FIG. 5 is a diagram that illustrates relation between
the self-weight of an automatic document feeding
device and a spring force of a hinge device.

FIG. 6 is a cross-sectional view that illustrates the
configuration of a hinge device according to a first
embodiment.

FIG. 7 is a cross-sectional view that illustrates a free
stop state of the hinge device according to the first
embodiment.

FIG. 8 is a cross-sectional view that illustrates a tip-
up state of the hinge device according to the first
embodiment.

FIG. 9Ais a diagram that illustrates the configuration
of a handle portion, and FIG. 9B is an enlarged view
of a main part of the handle portion.

FIGS. 10A and 10B are diagrams that illustrate a
holding portion according to the first embodiment
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(the configuration of a magnet).

FIG. 11 is a cross-sectional view that illustrates a
closed state of a hinge device according to a second
embodiment.

FIG. 12 is a cross-sectional view that illustrates an
open state of the hinge device according to the sec-
ond embodiment.

FIG. 13 is a diagram that illustrates a holding portion
according to the second embodiment (the configu-
ration of a latch).

FIGS. 14A and 14B are cross-sectional views that
illustrate the configuration of a hinge device accord-
ing to a third embodiment.

FIG. 15is a diagram that illustrates relation between
the self-weight of the automatic document feeding
device and the spring force of the hinge device at
the time of moving an adjustment portion to a lower
side of the axis.

FIG. 16 is a diagram that illustrates relation between
the self-weight of the automatic document feeding
device and the spring force of the hinge device at
the time of moving the adjustment portion to an upper
side of the axis.

FIGS. 17A and 17B are diagrams that illustrate a
conventional example.

[0017] Hereinafter, illustrative embodiments of the
present invention will be described in detail with refer-
ence to the drawings. However, the dimension, the ma-
terial, and the shape of each constituent component de-
scribed in the following embodiments and relative ar-
rangements and the like thereof should be appropriately
changed in accordance with the configuration and vari-
ous conditions of an apparatus to which the present in-
vention is applied. Accordingly, unless otherwise speci-
fied, the scope of the present invention is not intended
to be limited thereto.

[0018] Hereinafter, an image forming apparatus in-
cluding a hinge device according to a first embodiment
will be described with reference to FIGS. 1 to 10B. Here,
as the image forming apparatus including the hinge de-
vice, a copying machine as an image forming apparatus
including an automatic document feeding device config-
ured to be opened or closed is illustrated as an example.
[0019] FIG. 1 is a schematic configuration diagram of
the image forming apparatus including the automatic
document feeding device configured to be opened or
closed.

[0020] An image forming apparatus 1 (hereinafter, re-
ferred to as an apparatus main body) illustrated in FIG.
1is configured by: a main body 100 thereof; a sheet cas-
sette 33 that is mounted below the main body 100; and
an automatic document feeding device (opening/closing
member) 2 that is mounted on the upper face of the main
body 100.

[0021] Inthe main body 100, an image forming portion
is arranged at an approximately center portion thereof,
and a feed portion is located on the lower side thereof.
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In addition, an image reading portion including a CCD or
the like is arranged in the uppermost portion of the main
body. In addition, a space is arranged between the image
reading portion and the image forming portion so as to
form a discharge space portion 34.

[0022] Inthe mainbody 100, the image forming portion
forms an image on a sheet. The image forming portion
is configured as a print engine employing a convention-
ally known electrophotographic system and has a laser
writing portion, an electrophotographic process portion,
a fixing portion, and the like, which are not illustrated in
the figure, built therein. The feed portion includes the
sheet cassette 33 and supplies a sheetto the image form-
ing portion.

[0023] The image reading portion reads image infor-
mation of an original. In the image reading portion, as
illustrated in FIG. 2, a casing frame 102 is arranged, and,
on the upper face thereof, a transparent glass 101 (here-
inafter, referred to as an original base plate glass) is ar-
ranged. In addition, on the lower side thereof, an image
reading unit (scan unit) 103 is arranged.

[0024] The automatic document feeding device 2 is
mounted in the casing frame 102 disposed in the upper
part of the main body 100 by a hinge device (hinge mech-
anism) disposed on the rear side of the apparatus and
is supported by the upper face of the apparatus main
body to be freely rotatable so as to open or close the
original base plate glass 101 disposed on the upper face
of the image reading portion. In the automatic document
feeding device 2, a bundle of originals (not illustrated in
the figure) set on an original base plate 31 is conveyed
from the upper side to the original base plate glass 101
one at a time. Then, after the originals are read and
scanned by the image reading portion, the originals are
sequentially discharged to an original discharge plate 32.
[0025] When a copy is made without automatic feed,
or when a book, a notebook, or the like is copied, the
automatic document feeding device 2 may be used as a
platen.

[0026] Next, a schematic configuration of an image
reading apparatus according to an embodiment of the
presentinvention will be described with reference to FIG.
2.

[0027] As illustrated in FIG. 2, an original base plate
glass 101 is an original placement portion in which an
original is placed, a casing frame 102 supports the orig-
inal base plate glass (101), and an image reading unit
(scan unit) 103 scans the original. In addition, a belt 104
moves the image reading unit (scan unit), and a pulley
105 drives the belt, and a motor 106 rotates the pulley.
[0028] The image reading unit 103 is configured by: a
lighting unit 108 that lights up an original; reflecting mir-
rors 109, 110, and 111 that guide light reflected on the
original; alens 112 that performs image formation of light;
a CCD 113 that performs photoelectric conversion of im-
aged light and reads a resultant signal; and an electrical
substrate 114 that drives the CCD. These components
are integrally mounted on a carriage frame 107 as scan
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units.

[0029] Insuch aconfiguration, whenimage information
of an original is read, the image reading unit 103 scans
the original using the pulley 105 and the belt 104 by ro-
tating the motor 106 while the original placed on the orig-
inal base plate glass 101 is illuminated by the lighting
unit 108. The light hitting the original diffuses from the
original face, is guided to the lens 112 by the reflecting
mirrors 109, 110, and 111, and is imaged by the guide
lens 112. Thereafter, the imaged light is photoelectrically
converted into an electric signal by the CCD 113, and
the signal is electrically read.

[0030] Units 301, 302, and 303 of a white reference
member provide white reference data used for shading
correction, and, before the image of an original is read,
the image reading unit (scan unit) 103 is moved up to
this position, and shading correction is made.

[0031] In addition, a moving original reading glass
(transparent glass) 115 is arranged and is located at a
reading position in a case where the automatic document
feeding device 2 is mounted. An original fed from a feed
portion (not illustrated in the figure) of the automatic doc-
ument feeding device 2 passes through the moving orig-
inal reading glass 115, and image information of the orig-
inal is read by the image reading unit 103 that stops and
is positioned below the moving original reading glass
115. Furthermore, an inclined guide 116 is a guide mem-
ber used for lifting the front end of the original passing
through the moving original reading glass 115 and guid-
ing the original to the inside of the automatic document
feeding device again.

[0032] Next, the shading correction will be described
with reference to FIGS. 2 and 4.

[0033] The shading correction performed by the image
reading unit (scan unit) 103 is performed, as illustrated
inFIG. 2, astheimage reading unit (scan unit) 103 moves
below a shading white board 302 that is installed to be
parallel with the original base plate glass 101.

[0034] Then, as illustrated in FIG. 4, based on the ac-
quired image data, the image processing portion 210 per-
forms various corrections such as a sensitivity correction
using an analog signal processing portion 211. Thereaf-
ter, in the image processing portion 210, an A/D conver-
sion portion 212 converts the signal into a digital image
signal, and various corrections are made for the digital
image signal by a gain control portion 213, a shading
correction portion 214, a tone control portion 215, and
the like. Thereafter, the image data is transferred to an
image forming apparatus (not illustrated in the figure) or
the like as digital data.

[0035] Next, a block diagram relating to the control
process of the above-described apparatus will be de-
scribed with reference to FIG. 3.

[0036] A CPU circuit portion 400 includes a CPU 401
and controls a reading controller 201, an image signal
controller 405, and an external I/F 406 in accordance with
the setting of an operation portion 404 based on a pro-
gram stored in ROM 402. RAM 403 is used as an area
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that temporarily stores control data and as a work area
of a calculation process accompanied with the control
process. The external I/F 406 is an interface from a com-
puter 407 and develops print data into an image and out-
puts the image to the image signal controller 405.
[0037] The image processing portion 410 performs an
image correction process or an editing process according
to the setting of the operation portion. A line memory 411
performs a mirror image process for changing the main
scanning direction and the like. The image stored in the
line memory 411 is output through a page memory 412.
A hard disk 413 is used as is necessary when the page
sequence is changed or the like.

[0038] Next, the configurations of the hinge device, the
holding portion, and the handle portion according to this
embodiment will be described with reference to FIGS. 5
to 10B.

[0039] FIG. 5 is a diagram that illustrates magnitude
relation between the self-weight of the automatic docu-
ment feeding device 2 and the spring force of the hinge
device by using moment in a case where the hinge device
according to thisembodimentis used. The horizontal axis
represents the rotation angle (opening/closing angle) of
the automatic document feeding device 2 with respect to
the original base plate glass 101, and the vertical axis
represents the moment (a biasing force or a spring force).
In the figure, a dotted line represents moment according
to the self-weight of the automatic document feeding de-
vice 2, and a solid line represents moment according to
the spring force of the hinge device. In a range from the
closed state to a predetermined rotation angle 61, the
moment according to the spring force of the hinge device
is configured to be higher than the moment according to
the self-weight of the automatic document feeding device
2.Inarange of arotation angle 62 for which the automatic
document feeding device is open more than the prede-
termined rotation angle 61, the moment according to the
self-weight of the automatic document feeding device 2
and the moment according to the spring force of the hinge
device are set to be balanced. Accordingly, when the
automatic document feeding device 2 is open, up to the
predetermined rotation angle 61, the automatic docu-
ment feeding device 2 can be opened with a light force,
and, in a state in which the automatic document feeding
device is open more than the predetermined rotation an-
gle 61, the automatic document feeding device 2 can be
stopped at a position desired by a user.

[0040] FIG. 6 is a cross-sectional view of the hinge
device 10 according to this embodiment. The automatic
document feeding device 2 is covered with a cover 3 that
is an exterior configuring member. The automatic docu-
ment feeding device 2 is attached to the apparatus main
body 1 (casing frame 102) through the hinge device 10
so as to be opened or closed with respect to the original
base plate glass 101. The hinge device 10 supports the
automatic document feeding device 2, which is an open-
ing/closing member, to be opened or closed with respect
to the casing frame 102 that is the main body frame of
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the apparatus main body 1.

[0041] The hinge device 10 includes: a hinge base 14
that is a first attachment member; a hinge arm 7 that
configures a second attachment member; a lift arm 4;
and a hinge shaft 13 that is connected to the hinge base
14 so as to allow the hinge arm 7 to be rotatable with
respect to the hinge base. In addition, the hinge device
10 includes a biasing portion that is expanded or con-
tracted in accordance with the rotation angle of the au-
tomatic document feeding device with respect to the ap-
paratus main body 1 and applies a force to the automatic
document feeding device 2 in an opening direction. The
biasing portion is disposed between the hinge base 14
and the hinge arm 7. Here, the biasing portion includes
a compression spring 16 that is a first elastic member
and a compression spring 12 that is a second elastic
member and further includes a lower spring shaft portion
6, a lower spring holder portion 15, a upper spring holder
portion 17, and a upper spring shaft portion 18.

[0042] The hinge shaft 13 is supported by the hinge
base 14 that is the first attachment member, and the
hinge base 14 is fixed to the apparatus main body 1 (cas-
ingframe 102). In addition, since the hinge shaft 13 axially
supports the hinge arm 7 configuring the second attach-
ment member, the hinge arm 7 is rotatable with respect
to the hinge base 14.

[0043] In addition, since the hinge arm 7 configuring
the second attachment member supports the lift arm 4
configuring the second attachment member through the
lift shaft 5, the lift arm 4 is rotatable with respect to the
hinge arm 7. While a height adjustment screw 8 is fixed
to the lift arm 4, the height adjustment screw 8 is freely
movable back and forth, and the front end abuts a part
of the hinge arm 7, whereby the height of the automatic
document feeding device 2 with respect to the original
base plate glass 101 can be adjusted. The lift arm 4 is
fixed to the automatic document feeding device 2 (cover
3).

[0044] The lift arm 4 supports the upper spring shaft
portion 18. The upper spring shaft portion 18 axially sup-
ports the upper spring holder portion 17. The upper spring
holder portion 17 holds one end portion of each one of
the compression springs 12 and 16, and the lower spring
holder portion 15 is arranged on the opposing side so as
to hold the other end of each one of the compression
springs 12 and 16. The lower spring holder portion 15 is
axially supported by the lower spring shaft portion 6. The
lower spring shaft portion 6 is fixed to the hinge base 14.
Accordingly, a gap between the upper spring shaft por-
tion 18 and the lower spring shaft portion 6 changes in
the opening/closing operation of the automatic document
feeding device 2, and the compression springs 12 and
16 are expanded and contracted in accordance there-
with.

[0045] FIGS. 7 and 8 are cross-sectional views of the
hinge device 10 in a case where the automatic document
feeding device 2 is open up to angles 62 and 61. By open-
ing the automatic document feeding device 2, a gap be-
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tween the lower spring shaft portion 6 and the upper
spring shaft portion 18 increases, and the reaction forces
of the compression springs 12 and 16 are received,
whereby a gap between the upper spring holder portion
17 and the lower spring holder portion 15 increases in
accordance therewith.

[0046] As illustrated in FIGS. 7 and 8, in a case where
the rotation angle (opening/closing angle) is any one of
61 and 062, both ends of the compression spring 16 that
is the first elastic member are in contact with the upper
spring holder portion 17 and the lower spring holder por-
tion 15. Accordingly, in the case where the rotation angle
is any one of 81 and 62, the compression spring 16 acts
as a biasing force for applying a force to the automatic
document feeding device 2 in the opening direction.
[0047] In contrast to this, up to the predetermined ro-
tation angle 61 from the state in which the automatic doc-
ument feeding device 2 is closed with respect to the ap-
paratus main body 1, both ends of the compression
spring 12 that is the second elastic member are in contact
with the upper spring holder portion 17 and the lower
spring holder portion 15 (see FIG. 8). However, at the
rotation angle 62 for which a state is formed in which the
automatic document feeding device is open more than
the predetermined rotation angle 61, only the compres-
sion spring 16 is in contact with the upper spring holder
portion 17 and the lower spring holder portion 15, and
one end portion of the compression spring 12 is config-
ured to be separated from the upper spring holder portion
17 (see FIG. 7).

[0048] In other words, as illustrated in FIG. 8, up to the
rotation angle 61 from the closed state, the compression
spring 12 acts together with the compression spring 16,
and the moment of the hinge shaft rotation according to
the hinge device 10 is higher than the moment according
to the self-weight of the automatic document feeding de-
vice 2. Accordingly, between the closed state of the au-
tomatic document feeding device 2 and up to the rotation
angle 61, the automatic document feeding device 2 is
opened in accordance with the forces of the compression
springs 16 and 12. Accordingly, up to the rotation angle
01 from the closed state, the opening/closing force of the
automatic document feeding device 2 can be reduced.
[0049] On the other hand, as illustrated in FIG. 7, at
the rotation angle 62 for which a state is formed in which
the automatic document feeding device 2 is open more
than the rotation angle 61, the compression spring 12
does not act, but only the compression spring 16 acts,
and accordingly, a state is formed in which the moment
of the hinge shaft rotation according to the hinge device
10 (compression spring 16) and the moment according
to the self-weight of the automatic document feeding de-
vice 2 are balanced. Accordingly, in the range of the ro-
tation angle 62, the automatic document feeding device
2 can be freely stopped at a free angle. Here, the state
in which the moment according to the spring force of the
compression spring 16 of the hinge device and the mo-
ment according to the self-weight of the automatic doc-
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ument feeding device 2 are balanced not only represents
a state in which the magnitudes of the moments are pre-
cisely the same but also includes the following state. In
other words, a state in which a force causing the auto-
matic document feeding device 2 to rotate in accordance
with a difference between the moment according to the
spring force of the compression spring 16 and the mo-
ment according to the self-weight of the automatic doc-
ument feeding device 2 is less than frictional resistance
relating to the rotation of the automatic document feeding
device 2, and the state in which the automatic document
feeding device 2 stops unless an external force is added
to the automatic document feeding device 2 is also the
state in which the two moments are balanced.

[0050] FIGS. 9A and 9B are diagrams in which a por-
tion near the handle portion 50 positioned at the approx-
imately center portion of the front face of the automatic
document feeding device 2 is extracted. FIG. 9A is a front
view of a portion near the handle portion, and FIG. 9B is
an enlarged view of the holding portion. FIGS. 10A and
10B are cross-sectional views taken along line A-A rep-
resented in FIG. 9A. FIG. 10A is adiagram that illustrates
a state (closed state) in which the automatic document
feeding device 2 is held by the holding portion with re-
spect to the apparatus main body 1 (casing frame 102),
and FIG. 10B is a diagram that illustrates a state in which
the holding portion is released.

[0051] The handle portion 50 is used for opening the
automatic document feeding device 2 and is disposed at
the approximately center portion of the front face of the
automatic document feeding device 2. The handle por-
tion 50 includes a handle 51 that serves as a grip when
a user opens or closes the automatic document feeding
device 2. The handle 51 is attached to the automatic doc-
ument feeding device 2 to be rotatable with respect to
the automatic document feeding device using a rotation
shaft 56. As illustrated in FIG. 10B, the rotated handle
51 is configured to be returned to the original position (a
position illustrated in FIG. 10A) by a return spring 57.
[0052] Atbothends ofthe handle 51, magnets (magnet
catchers) 52 and 53 that configure the holding portion
are disposed. In the apparatus main body 1 (the casing
frame 102) that is on the opposite side of the magnets
52 and 53, magnetic bodies 54 and 55 such as metal
plates that configure the holding portion are disposed.
The automatic document feeding device 2 maintains the
closed state with respect to the apparatus main body 1
(the casing frame 102) depending on a magnetic coupling
force according to the magnets 52 and 53 and the mag-
netic bodies 54 and 55 as the holding portions. The rea-
son for disposing the holding portions on both end sides
with the handle 51 being nipped therebetween is to main-
tain the automatic document feeding device 2 to be par-
allel to the apparatus main body 1 (the casing frame 102
and the original base plate glass 101). Although not il-
lustrated in the figure, by arranging a unit that adjusts the
attaching positions (heights) of the magnets 52 and 53,
the parallel state can be adjusted.
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[0053] When the automatic document feeding device
2 is opened or closed, as illustrated in FIG. 10B, the han-
dle 51 is pressed in the direction of the arrow B. Accord-
ingly, the handle 51 rotates around the rotation shaft 56,
and the magnets 52 and 53 attached to the handle 51
are separated away from the magnetic bodies 54 and 55
attached to the apparatus main body 1 (the casing frame
102), whereby the magnetic coupling force is released.
When the magnetic coupling force is released, the auto-
matic document feeding device 2 can be lifted up to the
position of the rotation angle 81 by using only the spring
force of the hinge device 10 (the compression springs 12
and 16).

[0054] Here, the positions of the handle 51, the holding
portions 52 to 55, and the rotation shaft 56 will be de-
scribed. As described above, in order to securely main-
tain the automatic document feeding device 2 with re-
spect to the apparatus main body 1 (the casing frame
102), a predetermined force (forexample, aforce of about
2 to 3 Kgf as a whole) is necessary at the position of the
handle 51. In other words, also in this embodiment, a
magnetic coupling force of about 2 to 3 Kgf is necessary.
In this embodiment, as illustrated in FIGS. 10A and 10B,
the magnets 52 and 53 and the magnetic bodies 54 and
55 configuring the holding portions are arranged between
the handle 51 and the rotation shaft 56, and these holding
portions are arranged as close to the side of the rotation
shaft 56. Accordingly, by using the principle of leverage,
the holding force (magnetic coupling force) according to
the holding portions can be easily released.

[0055] In this embodiment, as the holding portions,
while the magnets 52 and 53 are disposed on the side
of the automatic document feeding device 2, and the
magnetic bodies 54 and 55 are disposed on the side of
the apparatus main body 1 (the casing frame 102), the
holding portions may be respectively arranged on oppo-
site sides. In other words, the holding portions may have
a configuration in which the magnets 52 and 53 are dis-
posed on the side of one of the apparatus main body 1
and the automatic document feeding device 2, the mag-
netic bodies 54 and 55 are disposed on the side of the
other, and the automatic document feeding device is
maintained to be in the closed state (position) with re-
spect to the apparatus main body in accordance with the
magnetic coupling force.

[0056] Here, whiletwo magnets andtwo magnetic bod-
ies have been described to be arranged on both sides of
the handle 51, the numbers of the magnets and the mag-
netic bodies are not limited to two. In addition, while the
handle 51 has been described as being configured to be
rotated using the rotation shaft 56, the configuration is
not limited thereto as long as the holding portions can be
retracted.

[0057] Inaddition,inthis embodiment, while the handle
portion 50 is disposed on the side of the automatic doc-
ument feeding device 2, the handle portion 50 may be
disposed on the side of the apparatus main body 1, and
a configuration may be employed in which the holding
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state according to the holding portions can be released.
[0058] According to this embodiment, in the range up
to the predetermined rotation angle 61 from the closed
state of the automatic document feeding device 2 with
respect to the apparatus main body 1, the moment (bi-
asing force) of the hinge shaft rotation according to the
biasing portion is higher than the moment of the hinge
shaft rotation according to the self-weight of the automat-
ic document feeding device 2. Accordingly, the automatic
document feeding device 2 that is the opening/closing
member can be opened using a weak force.

[0059] In addition, in the range of the rotation angle 62
for which the automatic document feeding device 2 is
open with respect to the apparatus main body 1 more
than the case of the predetermined rotation angle 61, the
moment (biasing force) of the hinge shaft rotation accord-
ing to the biasing portion and the moment of the hinge
shaft rotation according to the self-weight of the automat-
ic document feeding device 2 are balanced. Accordingly,
the automatic document feeding device 2 can be freely
stopped at an arbitrary position, whereby the user’s op-
erability can be improved.

[0060] Inthis embodiment, in order to maintain the bal-
anced state, as illustrated in FIG. 5, the moment of the
hinge shaft rotation according to the biasing portion is
set to be slightly higher than the moment of the hinge
shaft rotation according to the self-weight of the automat-
ic document feeding device 2. The reason for this is that
a change in the moment due to a variation of the self-
weight of the automatic document feeding device 2 has
been considered. In addition, in a case where the fric-
tional resistance occurring when the hinge device rotates
is high, the moment of the hinge shaft rotation according
to the biasing portion may be set to be equal to or slightly
lower than the moment of the hinge shaft rotation accord-
ing to the self-weight of the automatic document feeding
device 2.

[0061] Next, a hinge device and holding portions ac-
cording to a second embodiment will be described with
reference to FIGS. 11 to 13. Since configurations other
than the hinge device and the holding portions are the
same as those of the above-described embodiment, the
same reference sign is assigned to portions having the
same function and the same configuration, and descrip-
tion thereof will not be presented.

[0062] FIGS. 11 and 12 are cross-sectional views of
the hinge device 81 according to this embodiment. The
hinge device 81 includes first and second attachment
members 83 and 84 that are connected to a rotation shaft
(hinge shaft) 82 so as to be relatively freely rotatable and
a compression spring 85 that is an elastic member ex-
panding or contracting in accordance with the rotation of
the first and second attachment members 83 and 84. In
addition, a cam member 86 is fixed to the second attach-
ment member 84. An abutting portion 87a of a housing
87 housing the compression spring 85 that is one end of
the elastic member is brought into contact with cam faces
86a and 86b of the cam member 86 so as to slide.
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[0063] The first attachment member 83 configuring the
hinge device 81 is fastened and fixed to the automatic
document feeding device 2 by a fastening portion such
as a screw notillustrated in the figure and rotates around
the rotation shaft 82 together with the automatic docu-
ment feeding device 2. In addition, the second attach-
ment member 84 that is connected to the first attachment
member 83 through the rotation shaft 82 is fixed to the
apparatus main body 1 (the casing frame 102).

[0064] One end of the compression spring 85 that is
the elastic member expanding or contracting in accord-
ance with the rotation of the first and second attachment
members 83 and 84 abuts the cam face of the cam mem-
ber 86 fixed to the second attachment member 84
through the housing 87 so as to be in contact therewith
and slide. In addition, the other end of the cam member
86 is locked into a shaft 83a fixed to the first attachment
member 83 through a housing 88 so as to be fixed thereto.
[0065] The shape of the cam face of the cam member
86 is appropriately set in consideration of the moment
according to the self-weight of the automatic document
feeding device 2 around the rotation shaft 82 and a de-
sired opening/closing operation condition such as "a spe-
cific angle at which the automatic document feeding de-
vice stops" or "a specific angle from which the automatic
document feeding device falls in accordance with the
self-weight". In this embodiment, the cam face is divided
into two areas including a first cam face 86a as a first
area and a second cam face 86b as a second area, and
the cam faces are set so as to satisfy the following open-
ing/closing operation condition.

[0066] The first cam face (first area) 86a of the cam
member 86 is in contact with the abutting portion 87a of
the housing 87 in the range of the rotation angles 0 de-
grees to B1 (corresponding to the rotation angle 61 of the
first embodiment). This first cam face 86a causes the
moment according to the spring force of the hinge device
higher than the moment according to the self-weight of
the automatic document feeding device 2 to be generat-
ed. Accordingly, when the automatic document feeding
device 2 is opened, the opening operation can be per-
formed using a weak force.

[0067] The second cam face (second area) 86b of the
cam member 86 is brought into contact with the abutting
portion 87a of the housing 87 in the range of the rotation
angle B2 for which the automatic document feeding de-
vice 2 is open more than the case of the rotation angle
B1. This second cam face 86b is in a state in which the
moment according to the self-weight of the automatic
document feeding device 2 and the moment according
to the spring force of the hinge device are balanced. Ac-
cordingly, the automatic document feeding device 2 can
be stopped at a position desired by the user.

[0068] FIGS. 13A and 13B illustrates the configuration
of the holding portion. The configuration of the handle
portion is the same as that of the first embodiment de-
scribed above, and only a part that is different from that
of the first embodiment will be described. First, a locking
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projection 61 is a hook member disposed on the side of
the automatic document feeding device 2, and a pin 63
is a hook supporting portion disposed on the side of the
apparatus main body 1 (the casing frame 102). The lock-
ing projection 61 configuring this holding portion is fixed
to the rotation shaft 62, and a handle 51 (the same con-
figuration as that of the first embodiment and thus is not
illustrated in the figure) is additionally fixed to the rotation
shaft 62. In other words, a configuration is employed in
which, similar to the first embodiment, by pressing the
handle 51 in the direction of arrow B illustrated in FIG.
10B, as illustrated in FIG. 13B, the rotation shaft 62 and
the locking projection 61 are rotated so as to release a
connection with the pin 63. When the connection is re-
leased, the automatic document feeding device 2 can be
lifted using only the spring force of the hinge device up
to a position of the rotation angle 1. Thereafter, the lock-
ing projection 61 is returned to the original position by
the spring 64. The locking projection 61 and the pin 63,
similar to the first embodiment described above, in order
to hold the automatic document feeding device 2 parallel
to the apparatus main body 1 (the casing frame 102 and
the original base plate glass 101), are disposed on both
sides of the handle 51 (not illustrated in the figure).
[0069] Inthis embodiment, while the locking projection
61 (hook member) is disposed on the side of the auto-
matic document feeding device 2, and the pin 63 (hook
supporting portion) is disposed on the side of the appa-
ratus main body 1 (the casing frame 102) as the holding
portions, the hook member and the hook supporting por-
tion may be respectively arranged on the opposite sides
thereof. In other words, a configuration of the holding
portions may be employed in which the hook member is
disposed on the side of one of the apparatus main body
1 and the automatic document feeding device 2, the hook
supporting portion is disposed on the side of the other,
and the automatic document feeding device is main-
tained to be in the closed state with respect to the appa-
ratus main body by locking the hook member into the
hook supporting portion.

[0070] Inaddition, while two locking projections 61 and
two pins 63 configuring the holding portions are arranged
on both sides of the handle 51, the numbers of the locking
projections and the pins are not limited thereto.

[0071] In the first and second embodiments, instead
of a configuration in which the automatic document feed-
ing device 2 is caused to fall in accordance with the self-
weight with respect to the apparatus main body 1 (the
casing frame 102), the configuration is employed in which
the automatic document feeding device 2 is closed by
the user. Accordingly, a shock absorberused in the hinge
of the conventional example, in other words, an impact
mitigating portion such as an oildamperis not necessary,
which can contribute to reduced costs.

[0072] Also in this embodiment, in the range up to the
predetermined rotation angle 31 from the closed state of
the automatic document feeding device 2 with respect to
the apparatus main body 1, the moment (biasing force)
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ofthe hinge shaft rotation according to the biasing portion
is higher than the moment of the hinge shaft rotation ac-
cording to the self-weight of the automatic document
feeding device 2. Accordingly, the automatic document
feeding device 2 that is the opening/closing member can
be opened easily.

[0073] In addition, in the range of the rotation angle 2
for which the automatic document feeding device 2 is
open with respect to the apparatus main body 1 more
than the case of the predetermined rotation angle 1, the
moment (biasing force) of the hinge shaft rotation accord-
ing to the biasing portion and the moment of the hinge
shaft rotation according to the self-weight of the automat-
ic document feeding device are balanced. Accordingly,
the automatic document feeding device 2 can be freely
stopped at an arbitrary position, whereby the user’s op-
erability can be improved.

[0074] Next, an adjustment portion of a hinge device
according to a third embodiment will be described with
reference to FIGS. 14A to 16. Since configurations other
than the adjustment portion are the same as those of the
above-described first embodiment, the same reference
sign is assigned to portions having the same function and
the same configuration, and description thereof will not
be presented.

[0075] In the third embodiment, in addition to the con-
figuration of the first embodiment described above, an
adjustmentportion that can adjust the position of the com-
pression spring 12 configuring the hinge device in the
expanding/contracting direction is included. Since con-
figurations other than the adjustment portion are the
same as those of the above-described first embodiment,
the same reference sign is assigned to portions having
the same function and the same configuration, and de-
scription thereof will not be presented.

[0076] In this embodiment, as illustrated in FIGS. 14A
and 14B, an adjustment portion 19 that can adjust the
position (height) of a compression spring 12 in the ex-
panding/contracting direction is disposed on the side of
a lower spring holder portion 15 so as to be in contact
with the compression spring (second elastic member) 12
of a hinge device 10. As illustrated in FIG. 14B, the ad-
justment portion 19 has cut screw threads on the outer
circumference and can move the position of the com-
pression spring (second elastic member) 12 in the ex-
panding/contracting direction by using an adjustment tool
(not illustrated in the figure). By changing the position of
the compression spring (second elastic member) 12 in
the expanding/contracting direction using the adjustment
portion 19, a distance 71 between the end portion of the
compression spring (second elastic member) 12 illustrat-
edinFIG. 7 and the upper spring holder portion 17 chang-
es. Accordingly, the range up to the predetermined rota-
tion angle 61 in which the compression spring (second
elastic member) 12 starts to act when the automatic doc-
ument feeding device 2 is closed can be changed.
[0077] For example, when the adjustment portion 19
is caused to act in the direction of a lower spring shaft
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portion 6, the compression spring 12 also moves in the
direction of the lower spring shaft portion 6. Accordingly,
adistance 71 between the end portion ofthe compression
spring 12 and a upper spring holder portion 17 increases,
and therefore, as illustrated in FIG. 15, the compression
spring 12 starts to act at a rotation angle 83 that is smaller
than the rotation angle 61 (see FIG. 5) before the adjust-
ment. In this embodiment, while the distance 71 between
the compression spring 12 and the upper spring holder
portion 17 isincreased by moving the compression spring
12 in the direction of the lower spring shaft portion 6, the
same advantage can be acquired by arranging the ad-
justment portion on the side of the upper spring shaft
portion 18 and positioning the upper spring holder portion
17 to be far from the compression spring 12.

[0078] In addition, for example, when the adjustment
portion 19 is caused to act in the direction of the upper
spring shaft portion 18, the compression spring 12 also
moves in the direction of the upper spring shaft portion
18. Accordingly, the distance 71 between the end portion
of the compression spring 12 and the upper spring holder
portion 17 decreases, and therefore, asiillustrated in FIG.
16, the compression spring 12 starts to act at a rotation
angle 64 that is larger than the rotation angle 61 (see
FIG. 5) before the adjustment. In this embodiment, while
the distance 71 between the compression spring 12 and
the upper spring holder portion 17 is decreased by mov-
ing the compression spring 12 in the direction of the lower
spring shaft portion 6, the same advantage can be ac-
quired by arranging the adjustment portion on the side
of the upper spring shaft portion 18 and approaching the
upper spring holder portion 17 to the side of the com-
pression spring 12.

[0079] As described above, by disposing the adjust-
ment portion 19 adjusting the position of the compression
spring 12 configuring the hinge device in the expand-
ing/contracting direction, the range up to the predeter-
mined rotation angle in which the compression spring
(second elastic member) 12 starts to act when the auto-
matic document feeding device 2 is closed can be
changed.

[0080] In addition, in the above-described embodi-
ments, while the hinge device of the image forming ap-
paratus has been described as an example as the hinge
device that supports the opening/closing member to be
opened or closed with respect to the apparatus main
body, the present invention is not limited thereto. Thus,
the hinge device may be a hinge device of an image
reading apparatus such as a scanner. Furthermore, in
the above-described embodiments, while the copying
machine has been described as an example of the image
forming apparatus, the present invention is not limited
thereto. For example, the image forming apparatus may
be another image forming apparatus such as a facsimile
device or another image forming apparatus such as a
multifunction apparatus combining such functions. By
applying the present invention to a hinge device of the
image forming apparatus or the image reading appara-
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tus, the same advantages can be acquired.

[0081] Whilethe presentinvention has been described
with reference to illustrative embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
illustrative embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all modifications, equivalent structures
and functions.

Claims
1. Animage reading apparatus comprising:

an apparatus main body (100);

an opening/closing portion (2) configured to be
rotatable with respect to the main body, around
a hinge shaft (13);

a biasing portion configured to apply a force to
the opening/closing portion (2) in an opening di-
rection to generate a moment of the hinge shaft
rotation higher than the moment of the hinge
shaft rotation according to self-weight of the
opening/closing portion (2), in a state in which
the opening/closing portion (2) is in a range up
to a predetermined rotation angle from a closed
position with respect to the apparatus main body
(100), and to generate a moment of the hinge
shaft rotation that is substantially balanced with
the moment of the hinge shaft rotation according
to the self-weight of the opening/closing portion
(2), in a state in which the opening/closing por-
tion (2) is opened more than the predetermined
rotation angle; and

a holding portion configured to maintain the
opening/closing portion (2) at the closed posi-
tion.

2. The image reading apparatus according to claim 1,
wherein the biasing portion includes a first elastic
member (16) that applies a force to the opening/clos-
ing portion (2) in the opening direction and a second
elastic member (12) that applies a force to the open-
ing/closing portion (2) in the opening direction,
wherein, in a range up to the predetermined rotation
angle from the closed state of the opening/closing
portion (2) with respect to the apparatus main body
(100), both the first elastic member (16) and the sec-
ond elastic member (12) apply forces to the open-
ing/closing portion (2) in the opening direction, and
wherein, in a state in which the opening/closing por-
tion (2) is opened more than the predetermined ro-
tation angle with respect to the apparatus main body
(100), the second elastic member (12) does not act,
but the first elastic member (16) applies a force to
the opening/closing portion (2) in the opening direc-
tion.
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The image reading apparatus according to claim 2,
wherein the biasing portion includes an adjustment
portion configured to adjust the predetermined rota-
tion angle by changing the position of the second
elastic member (12) in an expanding/contracting di-
rection.

The image reading apparatus according to claim 1,
wherein the biasing portion includes an elastic mem-
ber configured to apply aforce to the opening/closing
portion (2) in the opening direction, a housing (87)
configured to house the elastic member (85), and a
cam member (86) configured to include first and sec-
ond cam (86a,86b) faces brought into contact with
the housing (87),

wherein, in a state in which the opening/closing por-
tion (2) is placed in a range up to the predetermined
rotation angle from the closed position with respect
to the apparatus main body (100), the housing (87)
abuts the first cam (86a) face of the cam member
(86) such that the elastic member (85) generates a
moment higher than the moment of the hinge shaft
rotation according to the self-weight of the open-
ing/closing portion (2), and

wherein, in a state in which the opening/closing por-
tion (2) is opened more than the predetermined ro-
tation angle with respect to the apparatus main body
(100), the housing (87) abuts the second cam (86b)
face of the cam member (86) such that the elastic
member (85) generates a moment substantially bal-
anced with the moment of the hinge shaft rotation
according to the self-weight of the opening/closing
portion (2).

An image forming apparatus comprising:

an image reading portion configured to read an
original; and

an image forming portion configured to form an
image on a sheet,

wherein the image reading unit (103) includes:

an apparatus main body (100) including an
original placement portion (101) on which
the original is placed and an image reading
unit (103) that reads the original placed on
the original placement portion (101);

an opening/closing portion (2) to be rotata-
ble around a hinge shaft (82) so as to be
opened or closed the original placement
portion (101);

a biasing portion configured apply a force
to the opening/closing portion (2) in an
opening direction such that moment of the
hinge shaft rotation higher than moment of
the hinge shaft rotation according to self-
weight of the opening/closing portion (2) is
generated so as to open the opening/clos-
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ing portion (2) in a state in which the open-
ing/closing portion (2) is placed in a range
up to a predetermined rotation angle from
a closed position with respect to the appa-
ratus main body (100), and moment of the
hinge shaftrotation thatis balanced with the
moment of the hinge shaft rotation accord-
ing to the self-weight of the opening/closing
portion (2) is generated so as to stop the
opening/closing portion (2) in a state in
which the opening/closing portion (2) is
opened more than the predetermined rota-
tion angle; and

a holding portion configured to maintain the
opening/closing portion (2) at the closed po-
sition with respect to the upper face of the
apparatus main body (100).

6. Animage reading apparatus comprising:

an apparatus main body (100);

an opening/closing portion (2) configured to be
rotatable with respect to the main body around
a hinge shaft (82);

a biasing portion configured to apply a force to
the opening/closing portion (2) in an opening di-
rection such that the opening/closing portion (2)
is rotated in the opening direction in a state in
which the opening/closing portion (2) is placed
in a range up to a predetermined rotation angle
from a closed position with respect to the appa-
ratus main body (100), and the opening/closing
portion (2) is stopped in a state in which the
opening/closing portion (2) is opened more than
the predetermined rotation angle; and

a holding portion configured to maintain the
opening/closing portion (2) at the closed posi-
tion.

The image reading apparatus according to claim 6,
wherein the biasing portion includes a first elastic
member (16) that applies a force to the opening/clos-
ing portion (2) in the opening direction and a second
elastic member (12) that applies a force to the open-
ing/closing portion (2) in the opening direction,
wherein, in a range up to the predetermined rotation
angle from the closed state of the opening/closing
portion (2) with respect to the apparatus main body
(100), both the first elastic member (16) and the sec-
ond elastic member (12) apply forces to the open-
ing/closing portion (2) in the opening direction, and
wherein, in a state in which the opening/closing por-
tion (2) is opened more than the predetermined ro-
tation angle with respect to the apparatus main body
(100), the second elastic member (12) does not act,
but the first elastic member (16) applies a force to
the opening/closing portion (2) in the opening direc-
tion.
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12.

The image reading apparatus according to claim 6,
wherein the biasing portion includes an adjustment
portion configured to adjust the predetermined rota-
tion angle by changing the position of the second
elastic member (12) in an expanding/contracting di-
rection.

The image reading apparatus according to claim 6,
wherein the biasing portion includes an elastic mem-
ber configured to apply aforce to the opening/closing
portion (2) in the opening direction, a housing (87)
configured to house the elastic member, and a cam
member configured to include first and second cam
faces brought into contact with the housing (87),
wherein, in a state in which the opening/closing por-
tion (2) is placed in a range up to the predetermined
rotation angle from the closed position with respect
to the apparatus main body (100), the housing (87)
abuts the first cam face of the cam member such
that the elastic member generates a moment higher
than the moment of the hinge shaft rotation accord-
ing to the self-weight of the opening/closing portion
(2), and

wherein, in a state in which the opening/closing por-
tion (2) is opened more than the predetermined ro-
tation angle with respect to the apparatus main body
(100), the housing (87) abuts the second cam face
of the cam member such that the elastic member
generates a moment substantially balanced with the
moment of the hinge shaft rotation according to the
self-weight of the opening/closing portion (2).

The image reading apparatus according to any one
of claims 1 to 9, wherein the holding portion is con-
figured by a magnet that is disposed on one of the
apparatus main body (100) and the opening/closing
portion (2) and a magnetic body disposed on the
other and maintains the opening/closing portion (2)
at the closed position with respect to the apparatus
main body (100) using a magnetic coupling force.

The image reading apparatus according to any one
of claims 1 to 9, wherein the holding portion is con-
figured by a hook member that is disposed on one
of the apparatus main body (100) and the open-
ing/closing portion (2) and a hook supporting portion
disposed on the other and maintains the open-
ing/closing portion (2) at the closed position with re-
spect to the apparatus main body (100) by causing
the hook member and the hook supporting portion
to be engaged with each other.

The image reading apparatus according to claim 5,
6, 10 or 11, further comprising a handle portion used
for opening the opening/closing portion (2),

wherein the handle portion is disposed on the side
of one of the apparatus main body (100) and the
opening/closing portion (2) and is attached to be able
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to release the closure performed by the holding por-
tion.

The image reading apparatus according to any one
of claims 1 to 12, wherein the apparatus main body
includes an original placement portion (101) on
which an original is placed and an image reading
unit (103) that reads the original placed on the orig-
inal placement portion (101), and the opening/clos-
ing portion (2) is an original feeding device that sends
an original to the original placement portion (101).

The image reading apparatus according to claim 1
or claim 6, further comprising:

a first attachment member (83) configured to be
fixed to the apparatus main body (100); and

a second attachment member (84) configured
to be fixed to the opening/closing portion (2),
wherein the hinge shaft (82) is connected to the
first attachment member (83) so as to allow the
second attachment member (84) to be rotatable
with respectto the firstattachment member (83),
and

wherein the biasing portion is disposed between
thefirstattachmentmember (83) and the second
attachment member (84).
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FIG. 15

MOMENT
LARGE [DOTTED LINE] MOMENT ACCORDING TO SELF WEIGHT OF ADF

0° ADF OPENING/CLOSING ANGLE 90°
(CLOSED STATE) (OPEN STATE)

27



EP 2 813 896 A1

FIG. 16
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FIG. 17A
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